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DURATION 
 
Reading Time: 10 minutes 
Writing Time: 180 minutes 
 
INSTRUCTIONS TO CANDIDATES 
 
The examination has FIVE questions. Please answer ALL questions.  
 
Note that all questions are not of equal value.  
 
The total marks of this examination are 50 marks. 
 
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
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Question 1          (10 marks) 
A 50-mm diameter cylindrical nuclear reactor fuel rod generates heat at a uniform rate of ?̇? = 5 × 107 𝑊/𝑚3. The heat is transferred to pressurized cooling water at constant temperature 
with constant heat transfer coefficient. When operating in steady state, the maximum temperature 
in the fuel rod is 800 oC occurring at the centreline. The fuel rod properties are thermal 
conductivity (k) = 30 W/m K, density = 1100 kg/m3, and heat capacity (cp) = 800 J/kg K. 
(a) Prove that under steady-state conditions, the temperature distribution inside the fuel rod is of 
the form 𝑇(𝑟) = 𝑎 + 𝑏𝑟2 and find the values of constants a and b. 
(b) Calculate the rate of heat transfer per unit length of the rod at the centreline and at the surface. 
(c) If the heat generation rate of the fuel rod is suddenly increased to 108 𝑊/𝑚3, what is the 




Tips: The fuel rod can be treated as an infinite solid cylinder. Below are general forms of the 
heat equation.  
Cartesian coordinates:  
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Question 2         (8 marks) 
Humans are able to control their heat production rate and heat loss rate to maintain a nearly 
constant core temperature of Tc = 37 oC under a wide range of environmental conditions. This 
process is called thermoregulation. From the perspective of calculating heat transfer between a 
human body and its surroundings, we focus on a layer of skin and fat, with its outer surface 
exposed to the environment and its inner surface at a temperature slightly less than the core 
temperature, Ti = 35 oC = 308 K. Consider a person with a skin/fat layer of thickness L = 3 mm 
and effective thermal conductivity k = 0.3 W/m K. The person has a surface area A = 1.8 m2 
and is dressed in a bathing suit. The emissivity of the skin is 0.95. 
(a) When the person is in still air at 27 oC, what are the skin surface temperature and rates of 
heat losses to the environment due to convection and radiation? Convection heat transfer to 
the air is characterized by a free convection coefficient of 2 W/m2 K. 
(b) When the person is in water at 27 oC, what is the skin surface temperature and rates of heat 
losses to the environment due to convection and radiation? Assume that body is completely 
immersed in water. Heat transfer to the water is characterized by a convection coefficient 
of 200 W/m2 K.  
Tips: Assume that  
• Thermal conductivity is uniform.  
• Bathing suit has no effect on heat loss from body.  
• Solar radiation is negligible.  
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Question 3          (12 marks) 
A shell-and-tube heat exchanger must be designed to heat 2.5 kg/s of water from 15 to 85 oC. The 
heating is to be accomplished by passing hot engine oil, which is available at 160 oC, through the 
shell side of the exchanger. The oil is known to provide an average convection coefficient of ho = 
400 W/m2 K on the outside of the tubes. Ten tubes pass the water through the shell. Each tube is thin 
walled, of diameter D = 25 mm, and makes eight passes through the shell.  
If the oil leaves the exchanger at 100 oC,  
(a) What is the flow rate of the engine oil?  
(b) How long must the tubes be to accomplish the desired heating?  
(c) What is the minimum length of the shell? 
 
Tips: Thermo-physical properties of the working fluids are provided in the supporting materials. 
• Negligible heat loss to the surroundings 
• Negligible tube wall thermal resistance and fouling effects 




Question 4          (10 marks) 
A steady-state, finite-difference analysis has been performed on a cylindrical fin with a diameter of 
12 mm and a thermal conductivity of 18 W/m2 K. The convection process is characterized by a fluid 
temperature of 25 °C and a heat transfer coefficient of 36 W/m2 K. 
 
 
(a) The temperatures for the first three nodes, separated by a spatial increment of ∆x = 10 mm, 
are given in the sketch. Determine the fin heat rate. 
(b) Determine the temperature at node 3, T3. 
 
  
T0 = 110.0 °C 
T1 = 95.3 °C 
T2 = 86.5 °C 
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Question 5          (10 marks) 
In the spring, concrete surfaces such as sidewalks and driveways are sometimes very wet in the 
morning, even when it has not rained during the night. Typical night-time conditions are shown 
in the sketch. 
 
(a) Calculate the heat fluxes associated with convection, evaporation, and radiation exchange 
with the sky. 
(b) Use your calculation to explain why the concrete is wet instead of dry. 
(c) Is heat flowing from the liquid layer to the concrete or from the concrete to the liquid 
layer? Determine the heat flux by conduction into or out of the concrete. 
 
Tips: Assume that  
• Steady-state conditions. 
• Vapor can be treated as ideal gas.  
• Water surface is small comparing to its surroundings. 
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